Case Docket No. 21267 US1 
POLYETHYl gNE GLYCOL A LDEHYDES 

lOOOll This application claims the benefit of the U.S. Provisional Application 
60/398, 196 filed on July 24, 2002. 

ciFi n OF THE INVENTION 

[00021 The present invention relates to polyethylene glycol aldehydes, and to 
related methods of making and using such derivatives, such as .n the 
pegylation of polypeptides and other biomolecules. 

pArwfSROUND OF THE INVENTION 

100031 Polyethylene glycol ("PEG") is a linear or branched, neutral Po\yeiUer 
available in a variety of molecular weights. The structure of PEG .s HO-(CH,- 
CH.-0)„-H, where n indicates the number of repeats of the ethylene oxide un.t 
in the PEG. 

[00041 PEG and PEG derivatives have been employed to modify a variety of 
biomolecules. When attached to such molecules. PEG increases the.r 
solubility and increases their size, but has little effect on desirable propert.es. 

[0005] Advantageously, PEG conjugated biomolecules may exhibit increased 
retention and delayed metabolism in the body. 

[00061 A variety of PEG derivatives has been developed for such applications. 
Such PEG derivatives are described, for example, in U.S. Patent 5.252.714. 
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U.S. Patent 5,672.662; U.S. Patent 5,959,265; U.S. Patent 5,990,237; and 
U.S. Patent 6,340,742. 

100071 TWO general approaches t,ave been used for the funotionallzation of PEG: 
(1) changing the terminal hydroxyl group, through a series of reactions, to a 
„ore active functional group and/or (2) reaction of the PEG under controlled 
conditions with difunctional compounds so that one of its functional groups 
reacts with the PEG polymer and the other remains active. In most cases, 
several steps must be conducted to achieve the desired PEG derivath/es. The 
desired PEG derivatives are often produced in low yields and require a 
complicated purification process to isolate. In addition, PEG derivatives may 
show nonspecfflc binding to the biomolecules of interest, which can result ,n 
multiple PEGS attached to a single biomolecule and/or PEG attachment at the 
active Site. Multiple PEG attachments may cause difficulty in purification of 
the pegylated biomolecule. Multiple PEG attachments, and/or pegylation at 
the active site, can also lead to decreased activity of the biomolecule. 

100081 It would, therefore, be advantageous to provide improved PEG derivatives 
suitable for conjugation with a variety of other molecules, including 
polypeptides and other biomolecules containing an a-amino group. There 
remains a need to provide PEG derivatives that can be produced in high yield 
and purity, and that can be conjugated to provide biomolecules having 
Improved petfomiance characteristics. 

100091 These and other objects of the present invention are described in greater 
detail below. 



2 



.MMtPV OF THE INVENTION 

The compounds of the invention are aldehyde derivatives of polyethylene 

glycol, having the general fonnula (I): 

R,.(CH,CHP)„-CH3CH,-X-Y.NH-(CH,VCH0 a) 

• « «r«..n y i<; O or NH Y is selected from the group 
wherein is a capping group, X is u or wn. 

consisting of 



0 o 0" 



(CH,)„-(i-, t. -(CH,),^-CH-(CH,),^, -C.(NH-CH-C),^, 



Z is a side chain 
is from 1 to 3. 



of an amino aoid, m is from 1 to 17, n is from 10 to 10,000, and p 



10011) The present invention also provides a compound of fomiula (11): 

O 

R,KCH,CH,0).-CH,CH,.0<CHJ.-C.NH<CH,VCHOaD 
wherein R,,m, n, and p are defined as above. 

1,0121 Another preferred embodiment of the present invention provides a 
bifunctional polyethylene g^col aldehyde compound of fom,ula (VUl): 

0 

ohc-(ch,,Jkch,„-o-TO^ 

wherein m. n, and p are is defined as above. 



(VIII) 
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100131 The present invention also provides intermediate compounds of formula 
(IX). 

R,-(CH,-CH,.0)„-CH,-CH,-X-Y-NH.(CH,)p-CH-(0CH.-CH3). (IX) 
wherein R,X. Y. Z. m. n. and p are defined as above. 

100141 The present invention further provides intermediate compounds of formula 
(X): 

O 

RHCH.CH.0)„-CH.CH.0-(ChJInH-(CH.VCH.(0CH.CH3).(^ 
wherein R, m. n. and p are defined as above. 
[00151 Also provided is an intemiediate compound of formula (XI): 

wherein each m. n. and p is the same or different and is defined as above. 

[00161 The present invention further provides a method of making a polyethylene 
glycol aldehyde comprising hydrolyzing a compound of formula (IX). 

R,(CH,-CH,-0),-CH.CH,-X-Y-NH.(CH,)p-CH-(0CH,-CH3).(IX) 
to produce a polyethylene glycol aldehyde of fomnula (I): 

R,-(CH,CHaO)„-CH,CHrX-Y-NH-(CH,)p-CHO(l) 
wherein R, X. Y. Z. m. n. and p are defined as above. 
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100171 The present invention also provides a method of making a polyethylene 
glycol aldehyde comprising hydrolyzing a compound of fomiula (X): 

0 

R,.(CH,-CH,-0VCH,CH,-0.(CH,).-C-NH-(CH.)p-CH-(0CH,-CH3). 

to produce a polyethylene glycol aldehyde of formula (II): 

O 

R,-(CH,CH,0)„-CH,CH,-0-(CH,).-C-NH-(CH,)p-CHO ^^^^ 
wherein m, n, and p are defined as above. 

[00181 The present invention provides a method of making a polyethylene glycol 
aldehyde comprising hydrolyzing a compound of formula (XVII): 

o 

to produce a polyethylene glycol aldehyde of formula (VIII): 
0HC-(CH,VNh1(CH.L.0^H,CH.-<CH.CHP).-CH,CH.0-(CHJ„-C-NH^^^^^^ 

Wherein m. n. and p are defined as above. 

DETAILED DFSCRIPTION OF THE INVENTION 

[00191 The present invention provides a variety of compounds and chemical 
intermediates and methods which may be used in connection with the 
pegylation of polypeptides and other biomolecules. The present invention 
provides a new chemical structure for polyethylene glycol aldehydes. 
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(00201 The compounds of the invention are aldehyde derivatives of polyethylene 

glycol, having the general fomiula (I): 

R,KCH,CH,OVCH,CH,-X-Y-NH-(CH,VCHO(l) 

wherein R, is a capping group, X is O or NH, Y is selected from the group 

consisting of 

0 0 OH 



-(CH2),-C-, -C-,-(CH2)i^-CH-(CH2),^. -C.(NH-CH-C),.5. 

Z 

Z is a Side Chain of an amino acid, m from 1 to 17, n is from 10 to 10,000, and p 
is from 1 to 3. 

,«02ll AS used herein the R. "capping group" is any suitable chemical group 
which, depending upon preference, is generally unreacHve or generally 
reactive with other chemical moieties. The tem-inal aldehyde group of the 
above fomiula pemirts ready covalent attachment to a chemical mo«ty of 
interest, for example, to the a-amlno group of a polypeptide. The R, capping 
group is selected to pemilt or prevent blfunctionallty, e.g., covalent attachment 
to a second chemical moiety of interest 

10022) in the case that the capping group is generally unreactive with other 
chemical moieties R, is relatively Inert. If R, « relatively Inert, then the 
structure of the resulting polyethylene glycol aldehyde is monofunctional and 
Bierefore covalently bonds with only one chemical moiety of interest. Suitable 
generally unreactive R, capping groups include; hydrogen, hydroxyl, lower 
alkyi, lower alkoxy, lower cycloalkyl, lower alkenyl, k>wer cycloalkenyl, aryl, 
and heteroaryl. 
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100231 As used herein, the term "lower alkyl", means a substituted or 

unsubstituted, straight-chain or branchedK=hain alkyi group containing from 1 
to 7 preferably from 1 to 4. carbon atoms, such as methyl, ethyl, n-propyl. 
isopropyl, n-butyl, secbutyl, tert.butyl, n-pentyl, n-hexyl, n-heptyl and the nke. 
The lower alkyI is optionally substituted with one or more groups 
independently selected from halogen, lower alkyi, lower alkoxy, lower 
cyctoalkyl, lower alkenyl, lower cycloalkenyl, aryl, and heteroaryl. 

,00241 The tem, "lower alkoxy" means a lower alkyi group as defined earlier which 
is bonded via an oxygen atom, wHh examples of lower alkoxy groups being 
methoxy, ethoxy. n-propoxy. isopropoxy, n^utoxy, secbutoxy. tert.butoxy, n- 
pentoxy and the like. The lower alkoxy is optionally substituted with one or 
more groups independently selected from halogen, lower alkyi, lower alkoxy, 
lower cycloalkyl, lower alkenyl, lower cycloalkenyl, aryl, and heteroaryl. 

[00251 The term "lower cycioalkyi" means a substituted or unsubstituted cycloalkyl 
group containing from 3 to 7, preferabV from 4 to 6, carbon atoms, ,.e. 
cydopropyl, cydobutyl, cyclopentyl, cyck,hexyl or cycloheptyl. The lower 
cycloalkyl is optionally substMed with one or more groups independently 
selected from halogen, lower alkyi, lower alkoxy, lower cycloalkyl, k«er 
alkenyl. lower cycloalkenyl, aiyl, and heteroaryl. 

,00261 As used herein, the term "lower alkenyl' means a substrtuted or 

unsubstituted, straight-chain or branched-chain alkenyl group containing from 
2 to 7 preferably from 2 to 6, carbon atoms, e.g.. ethenyl, butenyl, pentenyl, 
hexenyl and the like. The lower alkenyl is optionally substituted with one or 
more groups Independently selected from halogen, lower alkyi, lower alkoxy, 
lower cycloalkyl, tower alkenyl, lower cycloalkenyl, aryl, and heten^aryl. 
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10027] The term lower cydoalkenyr means a substituted or unsubstituted, 
cycloalkenyl group containing from 4 to 7 carbon atoms, e.g., cyclobutenyl, 
oyclopentenyl, cyclohexenyl and the like. The lower cycloalkenyl is optionally 
substituted with one or more groups independently selected from halogen, 
lower alkyl, lower alkoxy, k,wer oycloalkyl, lower alkenyl, lower cycloalkenyl, 
aryl, and heteroaryl. 

100281 The term "aryl" means a phenyl or naphthyl group which is unsubstituted or 
optionally mono- or multiply-substituted by halogen, lower alkyl, lower alkoxy. 
trifluoromethyl, hydroxyl, carboxylic acid, carboxylic ester, nitro, ammo, or 
phenyl, particulariy by halogen, lower alkyl, lower alkoxy, trifluoromethyl, 
hydroxyl, nitro, amino and phenyl. 

100291 The term "heteroaryl" means a 5- or 6-membered heteroaromatic group 
which contains one or more hetero atoms selected from N. S. and O. 

[00301 Preferred generally unreactive R, capping groups include methoxy, 

hydroxyl, or benzyloxy. An especially preferred R. capping group is methoxy. 
When R. is methoxy the aldehydes and related compounds are sometimes 
referred to herein as "mPEG" compounds, wherein the "m" stands for 
methoxy. 

lOOMl If the R, capping group is generally reactive with other chemical moieties, 
then R, is a functtonal group capable of reacting with some other functional 
group such as an amine and/or sulfhydryl in a peptide and/or protein. In such 
a case R, may be a functional group that is capable of reacting readily wrth 
electraphilic or nudeophilic groups on other molecules, in contrast to those 
g«,ups that require strong catalysts or highly impractical reaction conditions m 
order to react. If R, is relatively reactive, the polyethylene glycol aldehyde ,s 
bifunctional and may therefore covalently bond with two chemical moieties. 
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100321 Examples of suitable generally reactive R, capping groups mclude; 
halogen, epoxide, maleimide, orthopyrldyl disulfide, tosylate, isocyanate, 
hydrazine hydrate, cyanuric halide, N-succinimidyloxy, sulfo-N- 
succinlmidyloxy, Lbenzotriazolyloxy, 1-imidazolyloxy, p-nitrophenyloxy, and 
O 



-CH,CHrO-(CHi)„-C-NH-<CHJp-CHO. 

[00331 The temi -halogen" means fluorine, chlorine, bromine, or iodine. 
100341 A preferred generally reactive R, capping group is 



O 



^H,CHrCMCH,)„-C-NH-(CHJ,-CHO. 

100351 The use of this R, group results in a polyethylene glycol aldehyde with 
aldehyde groups on both ends of the polyethylene glycol aldehyde. And 
accordingly, the resultant polyethylene glycol aldehyde exhibits binding 
properties on both ends. It will be appreciated, however, that these 
bifuncflonal compounds need not be perfectly symmetrical, and that the first 
m n and/or p may be the same or different from the second m, n, and/or p m 
the formula. It is preferred, however, that the compound be symmetncal, 
meaning that both depicted m's have the same value, both n's have the same 
value, and both p's have the same value. 

l«,361 in the compounds ofthe present InventionXisOorNH. Preferebly, X is 
O. Further, Y is selected from the group consisting of 
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0 0 OH 



<CH,)A-, .C-.-(CH2)i.8-CH-(CH,),^. -C-(NH-CH-C),.5. 

Z 

wherein Z is a side chain of an amino acid. 

[0037] In the present invention, m is from 1 to 17. In a preferred embodiment, m 
is from 1 to 14. More preferably m is from 1 to 7. and even more preferably, m 
is from 1 to 4. Most preferably, m is 1. 

[0038] In the case of a Y group with the general structure: 

O O 

II II 
-C-(NH-CH-C),.5 

Z 

the Y group exhibits a linkage to the amino acid through a peptide bond. 

[00391 Accordingly, this general structure results In specific structures as simple 

as: 

O O 

II II 
-C-NH-CH2-C- 

when a single glycine is used as the amino acid. When Z is CH3, then the amino 
acid is alanine. If Z is CH^OH. the amino acid is serine. 

[0040] Obviously, more complex structures are possible when more and different 
amino acids are utilized, as can be appreciated from an examination of the 
various amino acid structures shown below. Preferably, only one amino acid 
is used. 
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COjH 

NHj— |— H 
CH3 
Alaiune 

CO2H 
NH2— |— H 
CHjSH 

Cysteine 

CO2H 
NHj— |— H 

«<s 

Histidine 

COjH 
NH2— j— H 



COjH 
NHj— |— H 



NH 
II 

CH2CH2CH2NHCNH2 



CO2H 
H 



NH2 
Glycine 



H 



NH- 



CO2H 



CH3^ 'CH2CH3 



Isoleuclne 

CO2H 
NH2— |— H 



CO2H 
NH2— j— H 

CH2CNH2 
O 

Asparagine 
CO2H 
NH2— 

CH2CH2CNH2 
0 

Glutamioe 



CO2H 
NH2— j— H 

CH2CHCH3 
CH3 

Leuciike 



CH2CH2SCH3 
Methioiuxie 



Pli&nylataxdne 



CO2H 
Pioline 



CO2H 
NH2— j— H 

CH2COH 
O 

Aspaitic Acid 

CO2H 
NH2— j— H 

CH2CH2COH 
O 

Glutamic Acid 



CO2H 
NH2— j— H 



CH2CH2CH2CH2NH2 

CO2H 
NH2— |— H 
CH2OH 



CO2H 

Mw _Lh ^OaH 9O2H 

Threonine Tryptophan Tyrosine 

[0041] In the present invention, n is from 10 to 10,000. In a preferred 

embodiment of the present invention n is from 20 to 5,000. Preferably, n is 
from 50 to 2,500. even more preferably n is from 75 to 1 .000. Most preferably, 
n is from 100 to 750. 

[0042] In the present invention, p is from 1 to 3. Preferably, p is 3. 
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[00431 In preferred embodiments, p is 3, R, is methoxy. m is 1. and n is from 100 
to 750; or p is 2. R, is methoxy, m is 1 , and n is from 100 to 750; or p is 1 . R, 
is methoxy, m is 1 , and n is from 100 to 750. 

100441 The present invention includes, but is not limited to, compounds of formula 
I which are compounds of formulas ll-VI as follows: 

(A) 

^ O 
R,<CH,CHP)„-CH,CH,-0<CH,)™-C-NH-(CH,VCHO(^^^ 

R,-(CH,CH,0)„-CH,CH,-0-C-NH-(CH,)p-CHO(III) 
(C) 

o 

R,-(CH,CHP)„-CH,CH,-NH-C-NH-(CH3)p-CH0aV) 
(D) 

OH 

R,-(CH,CH,0)„-CH,CH,-0-CH,. CH- CH,-NH-(CH,VCHO (V) 

(E) 

O O 
II II 

R,<CH,CHP)„-CH,CH,-0-C-NH-CH-C-NH<CH,^^^^^ 

Z 

[00451 Preferred R, capping moieties are relatively unreactive, with methoxy, 
hydroxyl, and benzyloxy preferred. 
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[0046] 



Preferred compounds of the present invention fall within Group A above. 



[0047] Accordingly, the present invention provides a compound of formula (II): 

O 

R,.(CH,CHP)„-CH,CH,-0-(CH^.-C-NH<CH,VCHOai) 
Wherein m. n. and p are defined as above. 

[0048] In a preferred embodiment. R, is methoxy. m is 1 . and n is from 100 to 
750. More preferably, p is 3. R, is methoxy. m is 1 . and n is from 100 to 750. 

[0049] Another preferred embodiment of the present invention provides a 
bifunctional polyethylene glycol aldehyde compound of formula (VIII): 

O 

o II 

wherein m, n. and p are defined as above. 

[0050] in a preferred embodiment, R, is methoxy. m is 1 . and n is from 100 to 
750. More preferably, p is 3. R. is methoxy, m is 1 . and n is from 100 to 750. 

[0051] The present invention also provides a variety of chemical intermediates 
which may be converted into the polyethylene glycol aldehyde compounds of 
the invention described above. These intermediates include compounds of 
formula (IX): 

R,.(CH,-CH.-0)„-CH.-CH,-X-Y-NH-(CH,)p-CH-(OCH3-CH3)a (IX) 
wherein R,,X, Y, Z, m, n. and p are defined as above. 
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,00521 in a preferred embodiment, p is 3, R, is methoxy, m is 1. and n is from 100 
,0 750; or p is 2, R, is methoxy, m is 1 . and n is from 100 to 760; or p is 1 , R, 
is methoxy, m is 1 , and n is from 1 00 to 750. 

,0053, The present invention further provides intem«diate compounds of formula 
(X): 

O 

r,<ch.-ch,.o).4:h.-ch.-o<chjJ-nh<cho,-ch-(och,-ot^^^ 

wherein R, m, n, and p are defined as above. 

,m4\ In a p^ferred embodiment, p is 3, R, is methoxy, m is 1, and n is from 100 
to 750; or p is 2, R, is methoxy, m is 1, and n is from 100 to 750; or p is 1, R, 
Is methoxy, m is 1 , and n is from 100 to 750. 



,00551 Also provided are intemiediate compounds of fomiula (XI): 



wherein 



each m. n. and p is the same or different and is defined as above. 



,0056] in preferred embodiments, p is 3. is methoxy, m is 1. and n is from 100 
to 750; or p is 2. R, is methoxy. m is 1 . and n is from 100 to 750; or p is 1 . R, 
is methoxy. m is 1 . and n is from 100 to 750. 

,00571 The compounds of the present invention may be produced by any suitable 
method, using known reagents and methods. However, the present invention 
provides a specific method of making a polyethylene glycol aldehyde 
comprising hydrolyzing a compound of formula (IX): 
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R,<CH,-CH,-0).-CH,CH,.X.Y.NH<CHA-CH-(OCH.-CH.),(lX) 

to produce a polyethylene glycol aldehyde of formula (I): 

R,-(CH,CH,0).-CH,CH,-X-Y-NH-(CHJ,-CHO(I) 
whereir, R, X, Y, Z. m, n, and p are defined as above. Preferably, .he hydrops, 
is acid catalyzed. Suitable catalytic acids include: trifluoroacetic acd, 
hydrochloric acid, phosphoric acid, sulfuric add, and n*ic acid. Preferably, the 
acid is trifluoroacetic acid. 

,005«1 in preferred embodiments, p is 3, R, is methoxy, m is 1 , and n is from 100 
to 750; or p is 2, R. is methoxy, m is 1. and n is from 100 to 750; or p is 1, R, 
is methoxy, m is 1 , and n is from 100 to 750. 

1,0591 The polyethylene glycol aldehyde compounds of fomaula (I.) may also be 
produced by any suable method. By way of example, however, polyethylene 
glycol aldehydes of fomrula (I.) may be produced as follows: First, the 
po^ethylene glycol is dried. Second, the po^ethylene glycol is reacted w,th a 
halogenated derivat«e of acetic acid. Hydrolyzing the resulting -eact,on 
mixture results in a PEG carboxylic acid. Alternatively, the product PEG 
carboxylic acid may also be derived from direct oxidation of the PEG, after the 
drying step. Next, the PEG carboxylic acid is then treated with an amine 
derivative of dfethyl aoetal to produce a PEG acetal amine, which is reacted 
„fth a halogenated cart,oxylic acid to p^duoe a polyethylene glycol aldehyde 
of formula. The polyethylene glycol aldehyde product is then collected and 
purified. 

loo^l The polyethylene g^col aldehyde product may be collected and purified in 
any suitable manner. By way of example, the polyethylene glycol aldehyde 
product may be extracted with dichlor»T,ethane. The organic layer ,s dned 
over sodium suffato. Altered, concentrated, and precipitated wfth diethyl ether. 
The product, PEG aldehyde, is collected by filtration and dried under vacuum. 
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[00611 The present invention thus provides a method of making a polyethylene 
glycol aldehyde comprising hydrolyzing a compound of formula (X): 

O 

R,<CH,-CH,-0)„-CH,CH,-0<CH,)„-C-NH<CH,VCHKOCH^^^ 

to produce a polyethylene glycol aldehyde of formula (II): 

O 
II 

R,-(CH,CH,0)„-CH,CH,-0-(CH,)„-C-NH-(CH,VCHO 
Wherein Ri,m, n, and p are defined as above. 

[00621 The compound of formula (X) may be produced by reacting a compound of 

formula (XII): 
R,-(CH,-CH,-0)„-CH,CH3-0-(CH^„-C00H(XID 

with a compound of fomnula (XIII): 

H2N-(CH2)p-CH-(OCHrCH3)2 (XIII). 

[00631 Another method to make PEG acid or PEG carboxylic acid is direct 

oxidation, in this case, oxidizers such as CrOa or K,Crp./H,SO. HNO3 in the 
presence of ammonium vanadate or Jone's reagent (Cr03 and H,SO,). may 
be used. 

[00641 The compound of formula (XII) may be produced by hydrolyzing a 

compound of fomnula (XIV): 

R,-0-(CH,-CH3-0)„-CH,CH,-0-(CH,L-COOR3(XIV) 

Wherein R3 is a branched or unbranched C1-C4 alkyl. 
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[0065] The compound of formula (XIV) may be produced by reacting a compound 
of formula (XV): 

R,-(CH,-CH,-0)„-CH,-CH,-OH (XV) 

with a compound of formula (XVI): 

R2-(CH2)„-COOR3 (XVI) 
wherein R. is halogen. Preferably R. is bromine or chlorine. Suitable compounds 
of formula (XVI) include t-butyl bromoacetate. methyl bromoacetate. ethyl 
bromoacetate, t-butyl chloroacetate, methyl chloroacetate, and ethyl 
chloroacetate. Other reagents that can be used for this reaction step, i.e., 
substitutes for fomiula (XVI) are, e.g.. t-butyl bromoacetate, methyl 
bromoacetate. ethyl bromoacetate, t-butyl chloroacetate. methyl chloroacetate, or 
ethyl chloroacetate in the presence of potassium t-butoxide. an alkali metal 
hydride such as sodium hydride or potassium naphtalide. Preferably, the 
compound of formula (XVI) is t-butyl bromoacetate. 

[0066] In preferred embodiments, p is 3, R, is methoxy. m is 1, and n is from 100 
to 750: or p is 2, R. is methoxy, m is 1 . and n is from 1 00 to 750; or p is 1 . R. 
is methoxy, m is 1 . and n is from 1 00 to 750. 

[0067] Compounds of formulas (III) - (VI) (also identified as Groups B-E, 
respectively) may likewise be made by any suitable means. By way of 
example, however, the following reaction schemes may be used to produce 
compounds of formulas (III) - (VI) (Groups B-E). 
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100681 AS with the polyethylene glycol aldehydes discussed above, blfuncfona 
polyethylene glycol aldehydes may be produced by any suitable means. The 
present invention provides a method of making a polyethylene glycol aldehyde 
comprising hydrolyzing a compound of formula (XVII): 



o 

o II 



to produce a polyethylene glycol aldehyde of formula (VIM): 

O II 

wherein m. n. and p are defined as above. 

100691 The compound of formula (VI) may be produced by reacting a compound 

of formula (XVIII): 

HOOC<CH,VO-CH,CH,<CH,.CH,-0)„-CH,^^^^^^ 



(XVIII) 



with a compound of formula (XIX): 

H,N-(CH,VCH-(0CH,-CH3). (XIX). 

100701 The compound of formula (XVIII) may be produced by hydrolyzing 



a 



compound of formula (XX): 

(XX) 



wherein R3 



R, is a branched or unbranched C1-C4 alkyl. 
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,00711 The compound of formula (XX) may be produced by reacting a compound 

of formula (XXI): 

HO-CH,CH3-(CH,-CH2-0)„-CH,CH,-OH (XXI) 

with a compound of formula (XVI): 

Rr(CH2)„-COOR3 (XVI) 

wherein Rj is halogen. 

1007J1 The polyethylene glycol aldehyde compositions of the present invention 
discussed above may be used to derivatize a variety of molecules, including 
biomolecules, using any suitable methods. 

[00731 The PEG aldehyde compounds of the present invention are N-temiinus 
site-specific for the pegylation of peptides and other biomoiecules. The PEG 
aldehydes of the present invention fom, a conjugate «-ith the N-temi,nus a- 
amino group of the biomolecule or protein fbmiing a stable secondary am,ne 
linkage between the PEG and the biomolecule or protein. 

,00741 Biomolecules pegylated with PEG aldehydes of the present invention show 
reproducibility in the number and location of PEG attachment, resulting ,n a 
purification strategy that is less complicated. This site-specffic pegylahon can 
result in a conjugate where the pegylation site is far from the site where the 
biomolecule or the peptide binds to the cell's receptors, which will allow 
pegylated biomolecules, proteins, or peptides to retain much or all of their 
biological activity. The PEG-aldehydes of the present invention can react wrth 
any biomolecules that contain an alpha (a) amino group. 

,00751 Depending on the polyethylene glycol aldehyde selected the polyethylene 
glycol may be covalently bonded to a biomolecule at one end (monofunctional 
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polyethylene glycol aldehyde) or at both ends (bifunotional polyethylene gVcol 
aldehyde). 

,,076) AS stated, the polyethylene glycol aldehydes of the present invention may 
be used for N-terminus site-speclflc pegylation. The site-specific N-term,nal 
linkage resutts in pegylated polypeptides which avoid cross-linking and 
multiple derivatizations of a single polypeptide. To produce this site-specffic 
covalent linkage, any suitable reaction conditions may be used. Generally, 
the pH of the reaction mixture Is suff.ciently acidic to activate the a-amino acKi 
of the polypeptide to be pegylated. Typically, the pH is about 5.6 to about 7.4, 
preferably about 6.5. 

1,0771 Accordingly, a method for attaching a polyethylene glycol molecule to a 

polypeptide comprising: 
reacting at least one polypeptide of formula (XXII): 

NHjB (XXII); 

with a polyethylene glycol aldehyde molecule of fomiula (I): 

R,-(CH,CH,0)„-CH,CH,-X-Y-NH-(CH,)p-CHO (1) 

wherein R,X. Y, Z, m, n. and p are defined as above; 

to produce a compound of formula (XXIII): 

R,.(CH3CH,0)„-CH,CH,-X-Y-NH-(CH,)p-NHB(XXni) 

wherein the polyethylene glycol aldehyde molecule is bonded to the N-terminal 

amino group of the polypeptide is provided. 

[00781 In preferred embodiments, p is 3. R. is methoxy. m is 1 . and n is from 100 
to 750; or p is 2. R, is methoxy, m is 1 . and n is from 100 to 750; or p is 1 . R, 
is methoxy, m is 1 , and n is from 100 to 750. 

[0079] The compounds of fomiula (XXII) may be any polypeptide, including 
interferon-alpha, interferon-beta. consensus interferon, erythropoietin (EPO). 
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granulocyte colony stimulating factor (GCSF). granulocyte/nnacrophage colony 
stimulating factor (GM-CSF). interleukins (including IL-Z. lL-10. and 11-12). 
and colony stimulating factor. 

,00801 The compounds of formula (XXll) <m also be immunoglobulins, such as 
IgG, IgE, IgM. IgA, IgD, and subclasses thereof, and fragments thereof. The 
tem. -antibody or " anybody fragments" refer to polyclonal and monoclone 
antibodies, an en«-e immunoglobulin or antibody or any ft-nctional fragment of 
an immunoglobin molecule which binds to the target antigen. Examples of 
such antibody fragments include Fv (fragment variable), single chain Fv, 
complementary detemiining regions (CDRs), VL (light chain variabte region), 
VH (heavy chain variable region). Fab (fragment antigen binding), F(ab)2 , and 
any combination of those or any other functional group of an immunoglobin 
peptide capable of binding to a target antigen. 

,0,811 AS stated, the pegylated compound may be prepared in any desired 
manner. Conditions, e.g., pH, should be selected which favor the s,te-spec,f. 
pegylation of a-amino groups. 

,«08Z, Generally, po^peptides may be pegylated with polyethytene glycol 
compounds of the invention by adding the compound of fom^ula (XXH), and 
me PEG reagent In a molar ratio range of 1:1 to 1:100. The reaction 
concentration may then placed in a borate, phosphate, ortri buffer at room 
temperature or 4 degrees Celsius for about .5 to 24 hours at a pH range of 5.6 
,0 9 0 The molar ratio of PEG reagent to peptide/proteins is generally from 
1-1 to 100:1. The concentration of peptide/proteins is generally from 1 to 10 
mg/ml. The concentration of buffer is usually 10 to 500 mM. 

,0083, The pegylated compound may be teolated or purified in any desired 
manner. By way of example, the resultant reaction mixture may be diluted 



23 



with an equilibration buffer (20niM Tris, pH 7.5) and the resulting mixture ,s 
then appiied on a Q-Sepharose column. After the mixture is applied on the 
QA column, it is washed with the equilibration buffer eluted with 75 M NaCI; 
eluted with 200 mM NaCi; eluted with 1M NaCI; and regenerated with m 
HOAC + 1M NaCI and 0.5 NaOH. By using reverse phase HPLC, it is 
possible to separate and isolate the N-tem,inal, monopegylated product from 
other byproducts in the mixture. Each collected product can then be 
oonfimned by Matrix Assisted Laser Desorption/ionization-Trme of Flight Mass 
Spectrometry (MALDI-TOF). 

l«0841 in a preferred embodiment of the pegylation method of the invention, a 
polypeptide of formula (XXII): 

NH^B (XXII); 

is reacted with a polyethylene glycol aldehyde molecule of fomiula (II): 

R,<CH,CH,0)„-CH,CH,-0<CH,)„-CO-NH<CH,),-CHO (II) 

wherein R,m. n, and p are defined as above; 
to produce a compound of fomnula (XXIV): 

R,<CH,CHPVCH,CH,-0-(CH,).-CO-NH<^^^^^^ (XXIV) 

wherein the polyethylene glycol aldehyde molecule is bonded to the N-tem.,nal 
amino group of the polypeptide. 

,00851 in prefened embodiments, p is 3, R. is methoxy, m is 1, and n is from 100 
,0 750; or p is 2, R, is methoxy, m is 1 , and n is from 100 to 750; or p is 1 , R, 
is methoxy, m is 1 , and n is from 1 00 to 750. 

lOOW) Additional illustrations of the use of the compounds of the present 
invention are disclosed in the U.S. Provisional Patent Applications entrtled 
■Pegylated T20 Polypepflde,' U.S. Serial No. 60/398,195, filed July 24, 2002, 
and "Pegylated T1249 Polypeptide, U.S. Ser^l Nos. 60/439,213 filed January 
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10. 2003. and 60/398.190 filed July 24, 2002. all of which are incorporated 
herein by reference as if recited in full. 

,«0871 Further provided, is a memod for attaching a poiyethylene giycoi molecule 
to a polypeptide comprising: 
reacting a polypeptide of fonnula (XXII): 

NH,B (XXII); 

with a polyethylene glycol aldehyde molecule of formula (VIII): 
ohc,cH2)p-nh1(CH,wo-TO^^^^^ 

wherein each m. n. and p is the same or different and is defined as above; 
to produce a compound of formula (XXV): ^ 

v.hn-(cha-nhWo^h.cmch,ch.o^-ch,ch.o-(^^^^^ 

[00881 whereir, the polyethyler,e glycol aldehyde molecule is bonded to the N- 
terminal amino group of the polypeptides. 

,00891 in preferred embodiments, p is 3, m is 1 , and n is from 100 to 750; or p is 
2, m is 1 , and n is from 100 to 750; or p is 1 , m is 1 , and n is from 100 to 750. 

100901 The pegylated polypeptides may be used in any desired manner. Suitably, 
however, they are used to prepare phamiaceutical compositions, by admixture 
wfth a phamiaceutically acceptable exclpient. Such pharmaceutical 
compositions may be in unK dosage fon.. They may be injectable solutions or 
suspensions, transdemial delivery devices, or any other desired fom,. 
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„W11 The following examples are provided to further illustrate the present 
invention. These examples are illustrative only and are not intended to hmrt 
the scope of the Invention in any way. 



EXAMPLES 



Example 1 

Preparation ot PEG Aldehyde Compounds 

,0*921 Five grams of PEG (molecular weight of 1 ,000 to 60,000 daitons) in 50 to 
100 ml of toluene is azeotropically dried by refluxing for 1 to 3 hours, followed 
by the removal of 20 to 30mL of toluene. The resulting solution is cooled to 
room temperature then potassium tert^utoxide (1 to 10 molar excess) ,n 20- 
50 ml of al»olute tert-butanol and 20-50 ml of toluene is added to the PEG 
solution. The resulting mixture is then stirred for two hours at room 
temperature under argon. 

.00931 Tert-butyi bromoacetate (1 to 10 molar excess) is added to the reaction via 
syringe and the reaction mixture stined overnight at room temperature under 
argon gas. Depending on the desired size of the W group defined in formula 
(XVI), tert-butyl bromoacetate can be replaced with another halogenated 
derivative of acetic acid, e.g., propionic acid, butyric acid, etc. 

,00941 The reaction solution is then condensed by rotary evaporation and the 
residue precipitated by the addition of dtethyl ether. The precipitated product, 
PEG t-butyi carboxy ester, is filtered off and dried in vacuo. 

■00951 PEG t-butyl cari»xy ester (4 g) is then dissolved in 50 to 100 ml of 1 N 
sodium hydroxide and the solution stirred at room temperature overnight. The 
pH of the mixture is adjusted to 2.5 to 3.0 by addition of 1 to 6N hydrochlonc 
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acid and the mixture extracted with dichloromethane. The organic layens 
then dried over sodium sulfate, filtered, concentrated, and precipitated ,nto 
diethyl ether The product, PEG.«rboxylic acid, is collected by filtration and 
dried under vacuum. 

10096) The PEG-cart50xylic acid (3 g) is then dissolved in anhydrous 

dichloromethane (20-30 ml) followed by the addition of 4-aminobutylraldehyde 
diethyl acetal (1-6 molar excess), 1-hydroxybenzotriazole (1-5 molar excess), 
and dicyclohexylcarbodiimide (1-5 molar excess). Depending on the des.red 
size of the -p" group defined in fomiula (XIII), 4-aminobutyraldehyde diethyl 
acetal can be replaced with another amine derivative of diethyl acetal, e.g.. 3- 
aminopropionaldehyde diethyl acetal or 2-aminoacetalaklehyde diethyl acetal. 

,00971 The resulting mixture is stirred ovemight at room temperature under argon 
gas The reaction mixture is filtered, concentrated, and precipitated wrth a 
mixture of 2-p™panol and diethyl ether (1:1). The PEG acetal product is dried 
in vacuo overnight. 

[00981 The PEG acetal product is then dissolved In 10 - 200 ml of 1 - 90% 
CFCOOH and the solution is stirred at room temperature ovemight. ThepH 

of tie mixture is adiusted to 6.0 by addition of 1 N NaOH solution, and sodium 
chloride (10 wt %) is then added and the pH of the solution is adjusted to 7.0 
by addition of 1 N NaOH. The mixture Is then extracted with dichloromethane. 
The organic layer is dried over sodium sulfate, filtered, concentrated, and 
precipitated with diethyl ether. The product, PEG aldehyde, is collected by 
filtration and dried under vacuum. 
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Example 2 
Pre paration of mPEG .nK-butanoaldehyd 



100991 The following represents a general reaction scheme for preparing 
mPEGIOk-butanoaldehyde of the invention: 

Reaction Scheme for mPEGiok-butanoaldehyde 



(1)H3C 



H3C' 




Potassium t-butoxide 



T^^'"'^ t-Butyl bromoacetate 

o 





(CH3)3 ■ Hydrolysis. 



n 



O 4-aminobutyraldehyde 
diethyl acetal 



1-hydroxybenzotriazole/ 
dicyclohexylcarbodiimide 



(OCH2CH3)2 




10% 

CF^COOH . 



,01001 First, Carboxymethy. PEG (mPEG) of molecular weight 10,000 daltons 
(30 0 g 3 mmcl) ir, 300 ml of toluene was azeotroplcally dried by refluxing for 
2 hours, followed by the removal of 100 ml of toluene. The resulting solution 
was cooled to room temperature then potassium tert-butoxide (0.68 g, 6 
mmol) in 20 ml of absolute tert-butanol and 20 ml of toluene was added to the 
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PEG solution (1). The resulting mixture was stirred for t«o hours at room 
temperature under argon. 

lOlOt, Tert-butyl bromoaoetate (100 mL, 6.76 mmol) was added to the reaction 
Via syringe and the reacHon was s«nBd ovem^ht a. room temperature under 
argon The reaction solution was then condensed by rotary evaporation. The 
residue was precipitated by addition of diethyl ether. The p-ecipUated product 
was flKered off and dried /n vacuo. Yield: 28 g. NMR (d.DMSO): 1.40ppm 
(t, 9H, -CH3); 3.21 ppm (s, -OCH,); 3.60 ppm (s, -0-CH,CH,-0-); 3.96 ppm (s, 
2H,-O-CH,-C00-). 

Next, mPEG,„ t-butyl carboxymethyl ester (20 g) was dissoWed in 200 mL 
of 1N sodium hydroxide and the solution was stirred at room temperature 
overnight (2). The pH of the mixture was adjusted to 2.5 by addition of 6 N 
hydrochloric acid, and the mixture was extracted with dichloromethane (50 
„L 40mL,and30mL). The organic layer was dried over sodium sulfate, 
filtered concentrated, and p^cipitated with diethyl ether. The product, m- 
PEG,»-carboxymethyl acid, was collected by filtration and dried under 

vacuum. Yteld: 18 g. NMR (d,-DMSO): 3.21 ppm (s, -OCH.); 3.6 ppm (s, -O- 
CH,CH,-0-); 3.99 ppm (s, 2H, -O-CH.-COOH). 

,„»,] The mPEG,.-cart,oxymethyl acW (3 g, 0.3 mmol) was dissolved in 
anhydrous dichloromethane (20 mL) followed by the addition of 4- 
aminobutyraldehyde diethyl acetal (50 mg, 0.3 mmol), Lhydroxybenzo^azote 
(40 mg 0.3mmol),anddicyclohexylcari,odiimide(80mg,0.39mmol)(3). The 
„«ture was s«rred overnight at room temperature under argon. The .aCon 
mixture was filtered, concentrated, and precipitated with a mixture of 2- 
propanol and d'^thyl ether (1:1). The product, mPEG,„-butanoacetal, was 
dried /n vacuo overnight. Y«ld: 2.7 g. NMR (d,-DMSO): 1.07-1.12 ppm (t, 
6H (.0-CH,CH,).); 1 .46 ppm (m, 4H, .NHCH,CH,CH,-CH-); 3.08-3.11 ppm 
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(q 2H -NHCH,CH,CH,-CH.); 3.21 ppm (s, -OCH3); 3.5 ppm (s, -0-CH,CH,-0- 
); 3.85 ppm (s, 2H, -O-CH^-CO-NH-); 4.44 ppm (t, 1H, -NHCH,CH.CH,-CH.); 



7.67 ppm (-NH-). 

,0,04, Finally, the mPEG,.-butanoaceta. (6 g, 0.5 mmol) was dissolved in 50 mL 
of 10% CF3COOH and the solution was stirred at roorr, temperature overnight 
(4) The pH of the mixture was adjusted to 6.0 by addition of 1 N NaOH 
solution and sodium chloride (1 0 wt %) was added and then the pH of the 
solution was adjusted to 7.0 by addition of 1 N NaOH. The mixture was 
extracted with dichloromethane. The organic layerwas dried over sod.um 
sulfate, fflter^d, concentrated, and precipitated Into diethyl ether. The product, 
mPEG,..-butanoaldehyde (5), was collected by filtration and dried under 
vacuum. Yield: 4.1 g (82%). NMR (d.-DMSO): 3.21 ppm (s, .OCH,); 3.5 
ppm (s, -0-CH,CH,-0); 3.85 ppm (s, 2H, -O-CH.-CO-NH-); 7.67 ppm (-NH-); 
g.66 ppm (-CHO-). 

Example 3 
Pr. paralion of mPEG. „-acetal aldehyde 

,0105] mPEG„-acetal aldehyde was prepared by dissolving mPEG,»-diethyl 
acetal (1 g Mol. Wt. 10,000), which was prepared according to the procedure 
in Example 1, in 10 ml of 80% trifluoacetic acid (Aldrich, 99*%). The reaction 
solution was stirred overnight at room temperature under argon gas. IN 
NaOH was then added dropwise to the reaction solution until a pH of 6.0 was 
obtained. Next, NaCl(10wt»/.) was added to the above solution. The pH was 
tt,en adjusted to 6.95 ± 0.05 by adding 0.1 N NaOH. The solution was then 
extracted ^ methylene chloride. The organic layer was then dried over 
sodium suKate, Altered, concenfrated, and precipiUted with diethyl ether. The 
product, mPEG,»-acetal aldehyde, was collected by fiKratk.n and dried under 
vacuum. Yield: 0.85 g (85%). 
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Example 4 
Preparation of niPEG,„- pr°pionaldehyde 

101061 mPEG,»-propionaldehyde was prepared by dissolving mPEG,„- 
propionacetal (2 g, Mol. Wt. 10.000), which was prepared according to the 
procedure in example 1 , in 20 ml of 80% trifluoacetic acid (Aldrich, 99*%). 
The reaction solution was sBrred overnight at room temperatu,* under a,gon 
gas 1 N NaOH was then added dropwise to the reaction soWon until a pH of 
6 owes obtained. Next, NaCI(10wt%) was added to the above solution. The 
pH was then adiusted to 6.95 ± 0.05 by adding 1 N NaOH. The solution was 
then extracted with methylene chloride. The organic layer was then dried over 
sodium sulfate, filtered, concentrated, and precipitated with diethyl ether. The 
p^duct, mPEG,.-propionaldehyde, was collected by filtration and drted under 
vacuum. Yield; 1.8 g (90%). 

Example 5 
PrA paration of PEG. ,.,-rii-butanoaldehyde 

101071 PEG„-di-butanoaldehyde was prepared by dissolving PEG,„-di- 
butyraldehyde diethyl acetal (3.1 g, Mol. Wt. 20.000), which was prepared 
according to the procedure in example 1 , in 20 ml of 80% trifluoacetic acid 
(Aldrich 99H-%). The reaction solution was stin«d overnight at room 
temperature under argon gas. IN NaOH was then added dropwise to the 
reacfion solution unfil a pH of 6.0 was obtained. Next NaCI (10 wt%) was 
added to the above solution. The pH was then adjusted to 6.95 ± 0.06 by 
adding 0 1 N NaOH. The solution was then extracted with methylene chlonde. 
The organic layer was then dried over sodium sulfate, filtered, concentrated, 
and precipitated with diethyl ether The product, PEG«-di-butanoaldehyde, 
was collected by filtration and dried under vacuum. Yield; 2.5 g (81%). 
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Example 6 
p». paratlcn of mPEG^ -hutenoaldehyde 

101081 mPEG„-butanoaldehyde was prepared by dissolving n.PEG»- 
butyraldehyde diethyl acetal (3.0 g, Mol. Wt, 20,000), which was prepared 
according to the procedure in Example 1 , in 30 ml of 80% trifluoacetic acid 
(Aldrich 99+%). The reaction solution was stirred overnight at room 
temperature under argon gas. 1 N NaOH was then added dropwise to the 
reaction solution until a pH of 6.0 was obtained. UeyX. NaCl (10 wt%) was 
added to the above solution. The pH was then adjusted to 6.95 ± 0.06 by 
adding 1 N NaOH. The solution was then extracted with methylene chlonde. 
The organic layer was then dried over sodium sulfate, fllterBd, concentrated, 
and precipitated with diethyl ether. The product, mPEG„-butanoaklehyde, 
was collected by filtration and dried under vacuum. Yield: 2.5 g (83.3%). 

Example 7 
PrA paration of mPEG .„.,-hNtanoaldehvde 

101091 mPEG^-butanoaldehyde was prepared by dissolving mPEG»- 

butyraldehyde diethyl acetal (14.7 g, Mol. Wt. 20,000), which was prepared 
according to the procedure In Example 1 , in 200 ml of 10% trifluoaceUc acid 
(Aldrich 99*%). The reaction solution was stined overnight at room 
temperature under argon gas. 1N NaOH was then added dropwise to the 
reaction solution until a pH of 6.0 was obtained. Next, NaCl (10 wt%) was 
added to the above solution. The pH was then adjusted to 6.95 ± 0.05 by 
adding 0 1 N NaOH. The solution was then extracted with methylene chlonde. 
The organic layer was then dried over sodium sulfate, fiftered, concentrated, 
and precipitated with diethyl ether. The product, mPEG^- butanoaldehyde, 
was collected by filtration and dried under vacuum. Yield: 13.1 g (89%). 
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